S pinal meningiomas are common, slow-growing tumors with a known association with neurofibromatosis Type 2 (NF2). They account for 25%-45% of all intradural spinal tumors and about 2% of all meningiomas.
Demographic parameters such as age, sex, race, and association with NF2 were considered. Radiological parameters such as tumor size (in comparison with the spinal canal), T2 signal changes of the spinal cord, location in the spinal canal (cervical, thoracic, cervicothoracic, or lumbosacral), number of levels, location of tumor attachment (ventral, lateral, and dorsal), shape (dumbbell or en plaque), and presence of a dural tail and calcification were noted.
The extent of resection was graded based on operative notes and confirmed with postoperative MRI (whenever available) and was classified according to Simpson's grading system. 43 Follow-up imaging was done 1 year after surgery for most patients and every 2-3 years thereafter or earlier in case of suspicion of recurrence.
The functional status was analyzed utilizing the modified McCormick grading system to score the patient's functional status before surgery and at the 1-year follow-up.
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Statistical Analysis
Statistical analysis was performed using SPSS (version 22.0, IBM). The clinical and radiological factors were dichotomized. The recurrence rate (recurrence vs no recurrence) and functional outcome (satisfactory improvement, i.e., modified McCormick Grades I or II vs unsatisfactory improvement, i.e., modified McCormick Grades III-V) were analyzed. The variables considered were age (> 50 years vs < 50 years), sex (male vs female), race (Caucasian vs African American), preoperative modified McCormick grade (I-III vs IV-V), diameter of the tumor (occupying ≥ 75% of the canal in both transverse and anteroposterior diameters of the spinal canal), craniocaudal extension of the tumor (1-to 2-level vs more than 2 levels), location of attachment (ventral or ventrolateral vs lateral, dorsal, and dorsolateral), presence or absence of T2 signal changes within the spinal cord, dural tail, dumbbell shape, en plaque attachment, and calcification. A binomial regression analysis was performed to examine the association. Survival analysis was performed using the Kaplan-Meier method. Comparison between the 2 groups was performed using an independent t-test.
literature Review
A literature search was performed for the key words "spinal meningioma" and "spinal cord meningioma" in the English-language literature from 2001 to 2015. The clinical papers that discussed the surgery and outcome in all age groups and all histological types of meningiomas were selected for a pooled analysis. Studies that reported at least 20 patients were included. 35 The studies that included spine tumors of more than 1 histopathology were excluded. 6 The reports discussing a subset of spinal meningiomas were excluded as well. 11, 28, 37, 46, 49 The summary of these studies are tabulated (see Table 5 ).
Results
Patient Demographics and Radiological Findings
The median age of the study population was 56 years (range 12-92 years) with a male-to-female ratio of 1:4.42. Patients with NF2 (n = 6) were younger at presentation than patients without NF2 (p < 0.0001). Approximately twothirds of the tumors were located in the thoracic region. Only 10% of tumors had extension of more than 2 levels in the craniocaudal direction. Most tumors were laterally placed in relation to the spinal cord; the other tumors were situated ventrolateral to the cord in about one-third of the patients and ventral to the cord in only 5% of cases. A dural tail was present in only 15.8% of cases. Calcification was documented on images and operative notes in only 1 patient. The clinical and radiological characteristics are summarized in Table 1 . Table 2 provides a summary of the patients with primary tumors from the multicenter, comparative review. Images of 3 illustrative cases are shown in Fig. 1 .
Surgery and Complications
Gross-total resection was achieved in all but 1 patient. The dural attachment was resected in 2 patients (Simpson Grade I resection). In all other cases, the dural attachment was coagulated (Simpson II excision). Apart from 3 tumors, all other meningiomas were WHO Grade I. Among Grade II meningiomas, 2 were atypical and 1 was chordoid subtype.
Four patients had wound complications. Among these 4 patients, 2 had CSF leakage as well.
Recurrence and Survival
The mean follow-up was 51.2 months. One-, 2-, and 5-year follow-up data were available for 29, 25, and 16 patients, respectively. Four patients had tumor recurrence. Three of these patients had WHO Grade I histopathology at initial surgery. The time to recurrence was 36, 40, and 64 months for these 3 Grade I meningiomas. In 1 patient with an atypical meningioma, recurrence was discovered at the 19-month follow-up. The tumor exhibited mild-tomoderate nuclear atypia, a mitotic count of 5-6 per 10 hpf, a high Ki-67 proliferative index (20%-25%), and strong nuclear staining for progesterone receptor in 70% of tumor cells at the first surgery. Two patients did not undergo postoperative MRI at 1 year and were asymptomatic after surgery. They developed recurrence of symptoms after more than 3 years (36 and 64 months) when follow-up imaging revealed a recurrence.
Although male patients had a lower incidence rate overall, they were found to be more prone to recurrence. Among other factors, presence of a dural tail was significantly associated with more recurrences. The details of the analysis are tabulated in Table 3 . Kaplan-Meier analyses of statistically significant results are shown in Fig. 2 .
Functional Outcome
The patients' functional status was assessed using the modified McCormick grading system. Patients were considered to have achieved a satisfactory outcome when they had no or minimal deficit (modified McCormick Grade I and II) at 1-year follow-up. In contrast, patients who remained unchanged or had postoperative modified McCormick Grades of III-V were considered as having an unsatisfactory outcome. Although 1 patient experienced transient deterioration after surgery, no patient was clinically worse at 1-year follow-up than at initial presentation.
Regression analysis suggested ventral and ventrolateral location, tumor occupying 75% or more of the spinal canal, T2 hyperintense signal of the spinal cord, and poor preoperative modified McCormick grade were associated with poor functional recovery. The details of the analysis are tabulated in Table 4 .
literature Review
The literature review yielded 13 studies in the last 15 years (2001-2015) meeting the aforementioned selection criteria. All of these studies were retrospective. Summaries of these studies are tabulated in Table 5 . 3-5, 9,12, 20,29, 31,33, 39,41, 42,50 Clinicoradiological features of 813 patients (including the present study) were analyzed. The mean age was 56.2 years, and there was significant female preponderance (male/female ratio 1:4). However, patients with NF2 were not included in a few studies, which might have influenced these findings. Thoracic location was approximately 3.3 times more common than cervical location. Meningioma in the lumbar location was an exceedingly rare phenomenon. The incidence of ventral or ventrolateral tumors varied widely (13%-81%). However, tumors exactly ventral to the spinal cord were rare; most tumors had lateral attachment. Spinal meningiomas were predominantly WHO Grade I meningiomas. With advancement of microsurgery and neuromonitoring, a gross-total resection was rarely impossible. A ventral attachment was generally considered as difficult for complete resection, but Peker et al. 31 and Setzer et al. 42 achieved a good resection rate despite a ventral or ventrolateral location of tumors in more than half of their cases. Operative complications varied from 0% to 15%. CSF leakage, wound complications, and transient deterioration of neurological status were the most common postoperative complications. The most frequent cause of death during the postoperative period was pulmonary embolism. The recurrence rate varied significantly, from 0% to 20% depending on the duration of follow-up. Surgery for spinal meningiomas had a generally favorable outcome. In more than 90% of cases, the patient either improved or at least remained in the same functional grade after surgery.
Discussion Demographic Features
There are very few population-based reports estimat- A 41-year-old man presented with myelopathic features. MRI revealed an intradural extramedullary lesion at T2-3. A dural tail was evident on postcontrast sagittal (E) and axial (F) images (arrows). A hypointense rim of calcification was also evident (F and G, arrowheads). The patient underwent a T1-3 laminoplasty and Simpson Grade II excision of the meningioma, followed by instrumentation and fusion. The MR image at 1-year follow-up did not show any recurrence (H). I-l: Case 3. A 41-year-old woman presented with a 3-week history of radicular and myelopathic features. MRI revealed a dumbbell-shaped tumor extending from C-1 to C-4 with vertebral artery encasement (I-K). The patient underwent a C1-4 laminectomy and excision of the tumor, followed by instrumentation and fusion. Simpson Grade III resection was achieved, as portions of tumor remained around the vertebral artery. The MR image at 2-year follow-up did not show any progression (L).
ing the incidence of spinal meningiomas. 42 A report of a hospital-based population suggested that the incidence varied from 0.5 to 2 per 100,000 persons per year. 42 The prevalence seems to be higher, considering the slow progress of these tumors. Spinal meningiomas account for 15%-46% of all primary spinal cord tumors. 1, 31, 36, 44 They are less common than their cranial counterparts, accounting for less than 2% of all meningiomas of the central nervous system. 33 However, this proportion increases in patients with NF2. For patients with NF2, approximately 10% of meningiomas requiring resection are located in the spine.
10,32 Mautner et al. found spinal meningiomas in one-third of patients with NF2. 24 The tumor is more prevalent in the elderly population, with a peak incidence between the 6th and 8th decades.
42 However, as expected, spinal meningiomas can present earlier in patients with NF2. A strong female predominance is seen in the present study, similar to that in available literature.
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The clinical course is often indolent, although the longer duration of symptoms is an independent variable of nonimprovement. 42 The clinical symptoms vary depending on tumor location.
Imaging Features
MRI is the diagnostic modality of choice, unless there is any contraindication. Klekamp and Samii noted that the advent of MRI has shortened the time to diagnosis by 6 months. 16 Spinal meningiomas are generally isointense to the spinal cord (on both T1-and T2-weighted images) and show enhancement after administration of contrast. 42 Spinal meningiomas are more prevalent in the thoracic region. Although meningiomas are often considered to be located ventral to the spinal cord, they are truly ventral in less than 10% of cases; 42 most often they are ventrolateral to the cord. 42 Tumors are purely dorsal in less than 5% of cases. 42 Spinal meningiomas can show a dural tail or linear enhancement of the adjacent dura after gadolinium admin- istration, similar to intracranial meningiomas. 2, 8 Although a dural tail is not specific to meningiomas, its presence often distinguishes meningiomas from other intradural extramedullary lesions.
2 Also, nerve sheath tumors are more commonly hyperintense to the spinal cord than meningiomas on T2-weighted images. 30 Intratumoral calcifications are less common than intracranial meningiomas.
Most meningiomas are intradural extramedullary in location. Extradural meningiomas are also known and need to be distinguished from metastases and lymphomas. Extradural en plaque meningiomas are distinct entities and occur most often in young patients, without sex predilection. They may infiltrate surrounding structures, and tissue planes are often obliterated. Complete resection is nearly impossible. They also tend to cause spinal arachnoiditis. An intramedullary location is exceedingly rare for spinal meningiomas. Dumbbell-shaped meningiomas with foraminal extension are also rare.
Spinal meningiomas rarely extend more than 2 levels in the craniocaudal direction. Tumors often occupy more than two-thirds of the spinal canal in the transverse and anteroposterior directions. A hyperintense signal change within the spinal cord on T2-weighted images may also become evident, suggesting chronic compression.
Treatment
The optimum approach to spinal meningiomas depends on the location and extent of the tumors. A 1-or 2-level laminectomy or hemilaminectomy is adequate for most dorsal or dorsolateral tumors. More lateral exposure is required for tumors located ventrolateral or ventral to the cord. A costotransversectomy or partial vertebrectomy may be required to improve exposure and allow for a safer removal. Instrumentation may be required in these cases, especially at the cervicothoracic or thoracolumbar junctional level. Postoperative instability may result in late-onset chronic pain due to asymmetrical load sharing. Misra and Morgan proposed a classification of the surgical corridor to predict the need of instrumentation.
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The goal of surgery is complete and safe resection. Dorsal or dorsolateral lesions are easier to resect. For ventrally located lesions, sequential debulking and dissection may be helpful. Complete resection (Simpson Grades I and II) can be achieved in most cases. 12, 33 In previous reports, total resection was reported to have been attained in 82% to 100% of cases. However, the need for resection of the dural attachment is controversial. Most authors prefer to coagulate the dural attachment, but wide variability exists. The resection of the dural attachment with suturing of a patch graft has also been advocated. However, on most occasions, dural resection was not attempted when the tumor was located ventrally. A dura-splitting dissection technique may be useful in cases in which the margin of the tumor is excised in continuity with the inner layer of the dura. 38 Preservation of the outer layer of the dura minimizes the postresection dural defect, preventing CSF leakage. Surgery for recurrence is difficult because of arachnoid scarring and the lack of a clear plane of dissection. 16 Intraoperative ultrasonography has been recommended to localize the tumor. Moreover, it allows the assessment of adequacy of the surgical corridor. 27 We found that intraoperative ultrasonography may be especially useful for ventrally located tumors, but it may not be required for dorsal or dorsolateral lesions. The hyperechoic uniform echogenicity without any cystic changes may differentiate meningiomas from nerve sheath tumors based on intraoperative ultrasonography findings, when the preoperative image is equivocal. 21, 22, 27 Intraoperative monitoring (somatosensory evoked potential and/or motor evoked potential) may be useful as well. Whittle et al. suggested that dual monitoring of somatosensory evoked potentials and motor evoked potentials is better than either of them alone. 48 However, intraoperative neurophysiology was not used in most of the recent reports. Complete resection without any neurological deterioration was possible even without intraoperative monitoring.
Complications of Surgery
The reported morbidity and mortality rates were low in 51.2 C = cervical; CT = cervicothoracic; FU = follow-up; GTR = gross-total resection; LS = lumbosacral; ND = no data; Pts = patients; T = thoracic; TL = thoracolumbar. * The distribution is mentioned for the younger cohort of the patients (n = 41) but not for the older group. † The tumors were classified in ventral (7.8%), lateral (both ventrolateral and dorsolateral, 77.7%), and dorsal (14.5%).
previous reports of spinal meningiomas. The major cause of death was pulmonary embolism during the postoperative period. CSF leakage and wound complication were the most common surgical complications, occurring in 0%-4% and 0%-6% of cases, respectively.
histopathology Most spinal meningiomas are assigned to WHO Grade I. The frequency of WHO Grade II meningiomas is lower in the spine than in the cranium. Setzer et al. found that histopathological grade is an independent predictor of tumor recurrence. 42 The WHO grading system for meningiomas was vague prior to 2000. The criteria for designation of atypical meningioma were not uniform in the literature. Setzer et al. reported a recurrence rate of 1.4%, 50%, and 100% for WHO Grade I, II, and III lesions, respectively. 
Adjuvant Therapy
The role of adjuvant therapy is controversial for spinal meningiomas. Although initial reports have suggested that CyberKnife frameless stereotactic radiosurgery is a feasible and effective option, it is only used in a few centers. The reports of chemotherapy for spinal meningiomas are limited, and the outcome is not satisfactory. In the present cohort, no patients received chemotherapy or stereotactic radiosurgery.
Tumor Recurrence
The recurrence rate of spinal meningiomas is low. However, the length of follow-up and histological grade of the tumors must be carefully assessed while considering the recurrence of spinal meningiomas.
Generally, spinal meningiomas tend to recur less than intracranial meningiomas. Mirimanoff et al. reported the 5-and 10-year recurrence/progression rates for spinal meningiomas to be 0% and 13%, respectively.
26 This incidence was lower than that reported for convexity (3% and 25%), parasagittal (18% and 24%), and sphenoid ridge (34% and 54%) meningiomas. 26 In a report of 78 spinal meningiomas, King et al. documented only 1 recurrence 14 years after the initial surgery. 15 Levy et al. 17 and Solero et al. 45 found the recurrence rate to be 3.1% and 6.4%, respectively. Klekamp and Samii 16 reported a much higher recurrence: 21% after 1 year and 40.3% after 5 years, clearly distinct from the rest of the reports.
Multiple clinicoradiological factors have been associated with increased recurrence rates. Cohen-Gadol et al. 5 reported on younger patients (age < 50 years) with cervical meningiomas; extradural extension and en plaque growth were associated with higher recurrence rates than older patients. Maiuri et al. reported increased recurrence in a younger population as well. 20 Klekamp and Samii reported that en plaque or infiltrating meningiomas, arachnoid scarring, and partial resection were significantly associated with increased recurrence. 16 The role of resection of the dural attachment is controversial, and contrasting results are available. Nakamura et al. found that the recurrence rate was lower for Simpson Grade I resection than for Simpson Grade II. 29 In contrast, King et al. reported a low recurrence rate even when dural resection was not performed. 15 Multiple reports suggest that, although meningiomas are more common in females, the incidence of atypical and anaplastic meningiomas is higher in males. 14, 18 The recurrence rate has also been described as higher for males when all histopathological grades of intracranial meningiomas were considered. 13 However, similar observation for spinal meningiomas is not available in the literature, presumably due to fewer reported recurrences. A dural tail can be present in up to half of the cases of spinal meningiomas. 2, 34 However, their association with recurrence had been rarely evaluated.
Finally, a prolonged follow-up is mandatory as late recurrence is a rule, rather than exception, for these patients.
Functional Outcome
As different functional outcome scales have been described in the literature, a direct comparison is not feasible. The Nurick grade, 5 Frankel grade, 4,39 or modified Japanese Orthopaedic Association score 49 have been used by different authors. The McCormick grade (or modified McCormick grade), although originally used to classify intramedullary tumors, has been used by many authors for assessment of functional outcome. 3, 35, 42 A good outcome is generally described by patients who either improved or remained stable in comparison with their preoperative status. Setzer et al. found that invasion of the arachnoidpia and preoperative McCormick grade were independent predictors of poor long-term outcome. 42 Other reports have suggested increased surgical morbidity for meningiomas in ventral locations, 7, 36, 40 en plaque shapes, 36 and intratumoral calcifications. 36 However, in many of these reports, the study of the radiological factors was incomplete. Tumor size did not influence functional outcome in the report by Schaller. 41 We found that larger tumors were associated with poor outcome, similar to Arima et al. 3 Presence of a T2 hyperintense signal within the spinal cord generally results from chronic compression in cervical spondylotic myelopathy. 47 However, the size of the tumor within the spinal canal and T2 hyperintense signal changes in relation to functional outcome have rarely been studied. 3 King et al. 15 and Haegelen et al. 11 reported significant improvement in their patients with severe preoperative deficit. In contrast, other reports have suggested that severe preoperative neurological impairment is a limiting factor for complete recovery.
7,40 limitations
The study has multiple limitations inherent to retrospective analyses. The operative impression of extent of resection could not be confirmed with postoperative MRI for 9 patients (23.7%). The reported recurrence-free survival could be falsely high in this series, if a clinically silent recurrence develops before it is diagnosed on imaging. We had only 1 patient with radiologically evident calcification and only 2 patients harboring meningioma with foraminal extension. Multiple reports suggest that clear cell meningioma 19 and WHO Grade II or III meningiomas 46 are prone to recurrence. We did not have a sufficient number of patients with these characteristics. Therefore, no significant analysis could be performed for many risk factors.
Conclusions
Spinal meningiomas can have varied radiological presentations. Young patients with spinal meningiomas should be evaluated for the presence of NF2. Although the incidence is rare in males, they are more likely to experience recurrence. The presence of a dural tail should be carefully analyzed in predicting recurrence. Patients exhibiting a dural tail on imaging need undergo long-duration follow-up, as late recurrence is a known phenomenon. Large tumors with ventral attachment causing spinal cord signal changes are associated with poor functional outcome. Complete resection of meningiomas can result in functional recovery, although prognosis is guarded for those with severe preoperative neurological deficits.
